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Abstract 

Resveratrol (3,4,5-trihydroxy-trans-stilbene), a phytoalexin found in grape skin, grape products, and peanuts as well as red wine, has been reported 
to have various biological and pharmacological properties. The purpose of this study was to investigate the anti-obesity effect of resveratrol-amplified 
grape skin extracts on adipocytes. The anti-obesity effects of grape skin extracts were investigated by measuring proliferation and differentiation 
in 3T3-L1 cells. The effect of grape skin ethanol extracts on cell proliferation was detected by the MTS assay. The morphological changes and 
degree of adipogenesis of preadipocyte 3T3-L1 cells were measured by Oil Red-0 staining assay. Treatment with extracts of resveratrol-amplified 
grape skin decreased lipid accumulation and glycerol-3-phosphate dehydrogenase activity without affecting 3T3-L1 cell viability. Grape skin extract 
treatment resulted in significantly attenuated expression of key adipogenic transcription factors, including peroxisome proUferator-activated receptor, 
CCAAT/enhancer-binding proteins, and their target genes (FAS, aP2, SCD-1, and LPL). These results indicate that resveratrol-amplified grape skin 
extracts may be useful for preventing obesity by regulating lipid metabolism. 
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Introduction 

Resveratrol (3,4,5-trihydroxystilbene) is a naturally occurring 
polyphenol found in different plant species [1]. Considerable 
amounts of resveratrol are found in grapes, berries, and peanuts. 
Besides natural sources, this compound has become recently 
available in tablets and is recommended as a dietary supplement. 
In the past few years, interest in resveratrol has increased 
substantially, and its broad biological activity at the cellular level 
has been demonstrated [2]. Supplementing mice fed a high fat 
diet with resveratrol increases mitochondrial content/activity in 
skeletal muscle brown adipose tissue and the liver to protect 
against developing diet-induced obesity and improving metaboHc 
disturbances [3]. Moreover, the cardioprotective, anti-cancer, 
anti-inflammatory, and antioxidant properties of resveratrol are 
well characterized [4-7]. Recent data derived from animal studies 
have opened a new, promising perspective for the potential use 
of resveratrol to prevent serious metabolic disorders such as 
obesity and diabetes [1,8]. 

The prevalence of obesity is increasing worldwide [9]. 
According to the World Health Organization, obesity is a global 
epidemic, due to the parallel rise of related morbidity and risk 
factors. Obesity, which is characterized by excess fat, results from 



interactions between genetic and environmental factors. It is well 
known that a fat-enriched diet leads to the accumulation of 
adipose tissue and to the development of metabolic alterations 
associated with weight gain, particularly in genetically predisposed 
individuals [10]. Obesity is linked to a variety of metabolic 
disorders such as insulin resistance and atherosclerosis [11]. 
Environment, Hfestyle, and genetic susceptibiHty probably contribute 
to the increased risk of obesity. 

Recent data indicate that resveratrol plays a crucial role in the 
cardiovascular protection provided by grapes and wines [12]. 
Grapes contain various nutritive elements such as vitamins, 
minerals, carbohydrates, and fiber. Polyphenols are the most 
important phytochemicals in grapes, because they possess many 
biological activities and health-promoting benefits [13]. Recent 
studies have revealed that resveratrol and proanthocyanidins are 
the important polyphenolic antioxidants present in grapes. 
Proanthocyanidins are found in both the skin and seeds of grapes, 
but resveratrol is mainly found in grape skin [14]. 

Resveratrol content decreases due to direct sunlight exposure, 
but ultraviolet (UV) irradiation induces resveratrol biosynthesis 
in grapes [15]. Recently, Cho et al [16] showed that resveratrol 
content in grapes treated with UV irradiation increases five times 
more than that in untreated grapes. 
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The present study was conducted to evaluate the antiobesity 
activity of resveratrol-amphfied grape skin extracts in 3T3-L1 
preadipocytes and to elucidate the mechanism underlying such 
an effect as exerted in visceral adipose tissue. 

Materials and Methods 



confluence, preadipocytes of 3T3-L1 (designated as day 0) were 
cultured in differentiation medium (DM) containing 10% fetal 
bovine serum [FBS], 10 Ug/mL insulin, 0.5 mM isobutylmeth- 
ylxanthine, and 1 yM dexamethasone. After 2 days, the medium 
was switched to post DM containing 10% FBS and 10 ug/mL 
insulin for four days, and then changed to 10% FBS medium 
for an additional 2 days to induce differentiation. 



Preparation of resveratrol-amplified grape skin extracts 



Cell viability assay 



Grape {Vitis labruscana Bailey, Campbell Early) was purchased 
from Yeongcheon-si Gyeongsangbuk-do, Korea. The grapes were 
cleaned by sonication (45-50 kHz) for 3-5min and passed through 
an amphfier (UV-irradiation, 0.5-1.0 mW/cm^) at 253.7nm and 
then stored at 15-25°C for 3-6 days to enhance resveratrol 
content. Grape skin was separated from grape flesh and dried 
with lyophihzer (MCFD 5510, Eyela, Tokyo, Japan). A powder 
form of the grape skin was obtained by grinding the skins with 
a grinder. The grape skin powder was stored at -70 °C until use. 

Resveratrol-amplified grape skin powder was weighed (500 g) 
and extracted twice with ethanol/water (50/50 [v/v]) mixture and 
ethanol/water (80/20 [v/v]) mixture, respectively. The filtrates 
were combined and evaporated under a vacuum (Buchi, Berlin, 
Germany). The yields of the 50% and 80% ethanol extracts of 
resveratrol-amplified grape skin were 59.3% and 47.9% based 
on dry weight, respectively. 

Physiological activity of resveratrol-amplified grape skin extracts 

Total polypehnol content was determined using a colorimetric 
assay based on the method of Singleton and Rossi [17]. Total 
antioxidant capacity was measured according to the method of 
Re et al. [18] and expressed as a Trolox equivalent value. 
Resveratrol content was analyzed using high performance liquid 
chromatography (Shimadzu SCL-lOAvp, Japan) with a UV-Vis 
detector at 320 nm 



Cell culture differentiation 

Mouse embryo 3T3-L1 fibroblasts were obtained from the 
American Type Culture Collection (Manassas, VA, USA) and 
grown at 37°C under a humidified 5% CO2 atmosphere in 
Dulbecco's modified Eagle's medium containing 10% bovine calf 
serum and 100 U/ml penicillin- streptomycin. Two days after 



Cells (5 X 10796 well) were incubated with resveratrol- 
amplified grape skin extracts at various concentrations (0, 30, 
60, 120, 250, 500, and 1,000 jug/ml) for 24 and 48 h. The control 
cells were received the same amount of DMSO. Twenty yL of 
3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-s 
ulfophenyl)-2H-tetrazolium (MTS) solution was added to each 
well. After incubation for 20 min, absorbance was measured at 
490 nm using a microplate reader (Sensident scan, Labsystems, 
Helsinki, Finland). 

Oil Red-O staining 

Oil Red-0 staining was performed on day 8. 3T3-L1 adipocyte 
cells were washed with phosphate buffered saline (PBS) and 
fixed with 10%) formalin. After Oil Red-0 stain, cells were 
photographed using a phase-contrast microscope (Olympus CKX41, 
Tokyo, Japan) in combination with a digital camera at 100 x 
magnification. The lipid droplets were dissolved in isopropanol 
and measured at 540 nm. 

Glycerol- 3 -phosphate dehydrogenase (GPDH) activity 

Resveratrol-amplified grape skin extract-treated 3T3-L1 
adipocytes were harvested on day 8, washed with PBS, and 
collected using lysis buffer (25 mM Tris buffer containing 1 mM 
EDTA and 1 mM DTT (pH 7.5)). The harvested cells were 
sonicated and then centrifuged at 10,000 rpm for 5 min. The 
GPDH activity in supematants was measured with assay kit 
(Takara Bio, Shiga, Japan). 

RNA isolation and reverse transcription-polymerase chain 
reaction (RT-PCR) 

Total RNA was isolated from 3T3-L1 cells using the 



Table 1. Primer sequences of the selected genes involved in key pathways of adipose metabolism 


Gene symbol 


Gene name 


Primer sequence 


PPAR-Y 


Peroxisome prol iterator-activated receptor-y 


TTTTCAAGGGTGCCAGTTTC 


C/EBPa 


CCAAT/enhancer-binding proteins a 


AGACATCAGCGCCTACATCG 


SREBP1 


Sterol regulatory element-binding protein 1 


GCGCTACCGGTCTTCTATCA 


aP2 


Adipocyte fatty acid binding protein 


AACACCGAGATTTCCTTCAA 


FAS 


Fatty acid synthase 


GATCCTGGAACGAGAACAC 


SCD-1 


Stearoyl-coenzyme desaturase-1 


CGAGGGTTGGTTGTTGATCTGT 


LPL 


Lipoprotein lipase 


TCCTCTGACATTTGCAGGTCTATC 
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EASY-BLUE total RNA extraction kit (Intron Bio, Beverly, MA, 
USA). cDNA S3mthesis was performed with 1 yg of total RNA, 
oligo (15) dT primers, and reverse transcriptase in a total volume 
of 50 uL. PGR reactions were performed in a total volume of 
20 pL conprised of 2 yL cDNA product, 0.2 mM of each dNTP, 
20 pmol of each primer, and 0.8 unit of Taq polymerase. The 
oligonucleotide primer sequences used in the PGR amplification 
are described in Table 1. 

The PGR was performed at 95 °C for 30 s, followed by 58 °C 
(PPAR-Y, G/EBPa, SREBPl, LPL, actin), 50°C (FAS), or 56°C 
(SGD-1), or 60 °C (aP2) for 30 s, and 72°C for 1 min. The last 
cycle was followed by a final extension step at 72 °C for 10 min. 
The RT-PGR products were electrophoresed on 0.8% agarose 
gels under 100 V and stained with 0.5 ug/mL ethidium bromide. 
Scanning densitometry was determined with the i-MAX™ Gel 
Image Analysis System (Gore-Bio, Seoul, Korea). 



Results 

Physiological activities of resveratrol-amplified grape skin 
extracts 

The physiological activities of resveratrol-ampHfied grape skin 
are shown in Table 2. The amount of total phenols was 37.4 
mg/g GAE in the 50% ethanol extract of resveratrol-amplified 
grape skin and 50.8 mg/g GAE in the 80% ethanol extract of 
resveratrol-amplified grape skin, respectively. The resveratrol 
content of resveratrol-ampHfied grape skin extracts was higher 
in the 80% ethanol extract (3.06 mg/g) than that in the 50% 
ethanol extract (2.57 mg/g). Total antioxidant status in the 80% 
ethanol extract of resveratrol-amplified grape skin increased 
compared with that in the 50% ethanol extract of resveratrol- 
ampHfied grape skin. 



Western blot analysis 

3T3-L1 cells pads were prepared using lysis buffer. Proteins 
were separated by 8% SDS-polyacrylamide gel electrophoresis, 
transferred to polyvinylidene difluoride membranes (Millipore, 
BiUerica, MA, USA), and hybridized ovemight with 1:1,000 
diluted PPARy, G/EBPa primary antibodies (Santa Gruz 
Biotechnology, Santa Gruz, GA, USA). After a 1 h incubation 
at room temperature with 1:2,000 diluted horseradish-peroxidase- 
conjugated goat anti-mouse or donkey anti-rabbit secondary 
antibody (Santa Gruz Biotechnology) immunoreactive proteins 
were visualized with an enhanced chemiluminescent solution 
(Amersham, Uppsala, Sweden) and quantified by chemilumi- 
nescence with WEST-ZOL Westem blotting detection (Intron, 
Seoul, Korea). 

Statistical analysis 

Results are expressed as mean ± standard deviation. Statistical 
significance was evaluated with a one-way analysis of variance 
using SPSS ver. 18.0 (Ghicago, IL, USA) and the significant 
differences between means were identified with the Student's 
^test at P<0.05, P<0.01, and P< 0.001. 



Effect of the resveratrol-amplified grape skin extracts on cell 
viability 

The MTS assay was performed to assess the effect of the 
resveratrol-amplified grape skin extracts on 3T3-L1 cell viability. 
As shown in Fig. 1 the 50%) and 80%) ethanol extracts of 
resveratrol-amplified grape skin at 30, 60, 120, 250, 500, and 
1,000 |Lig/ml showed no significant effect on viability after 24 
or 48 h treatment. Therefore, the ceUs did not become toxic when 
the 50% and 80% resveratrol-amplified grape skin ethanol 
extracts were added even at the highest concentration (1,000 
jug/ml) for 24 h or 48 h. In a preparatory experiment (data not 

Table 2. Total phenol and resveratrol content and total antioxidant capacity of 
resveratrol-amplified grape skin extracts 



Constituent 



RAGE'^ 



50% 



0% 



Total phenol (mg/g) 
Resveratrol (mg/g) 
TAS (TE value^^) 



37.4±0.0a 
2.57 ±0.35 
1.17±0.02 



l2) 



50.8 ±1.51**^ 
3.06 ±0.15* 
1.60 ±0.05**^ 



^' RAGE, resveratrol-amplified grape skin extracts 
^' Mean + SD (n = 5) 
TE value, Trolox equivalent value 
P<0 05, ***P< 0.001 



3) 



□ 24h ■4811 




(B) 



60 120 250 
50% RAGE (//g/me) 



1.5 T 



□24h ■48h 




60 120 250 
80% RAGE (/jg/m£) 



500 1000 



Fig. 1. Effect of the 50% (A) and 80% (B) resveratrol-amplified grape skin extracts on preadipocyte viability. 3T3-L1 preadipocytes were incubated with resveratrol-amplified 
grape skin extracts at various concentrations (0, 30, 60, 120, 250, 500, and 1,000 ng/ml) for 24 and 48 h. Mean ± SD (n = 3). 
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presented), a dose-dependent effect of resveratrol-amplified grape 
skin extracts was not observed at extracts doses > 500 jug/ml. 

Effect of resveratrol-amplified grape skin extracts on adipocyte 
differentiation 

The effect of resveratrol-amphfied grape skin extracts on 
preventing hpid accumulation was examined by Oil Red-0 
staining of 3T3-L1 adipocytes. The results represent lipid droplet 
accumulation, because triglycerides in adipocytes stain with 
Oil-Red-0 staining solution apart from free fatty acids and 





□Mf MIRAGE DM+5D:=F?AGE DM* 6(1% RASE DM* 63% RAGE 
aDI>tig.'mL 4(W pg/mL 2CI0|igimL 4t)D|igimL 



(B) 




RAGE(|jg/ml) - 



200 400 200 400 



Fig. 2. Effect of the resveratrol-amplified grape skin extracts on inhibiting 
3T3-L1 adipocyte differentiation. 3T3-L1 cells differentiated with differentiation 
nnedia in the absence or presence of resveratrol-amplified grape skin extract (RAGE, 
200 and 400 ug/ml) for 8 days. (A) Intracellular lipids were stained with Oil Red-0. 
The results were confirmed by three independent experiments. (B) Stained 
triglyceride content was quantified by measuring absorbance. Non, undifferentiated 
cells; DM, differentiated media cells. Values are mean + SD (n = 3). Test for DM 
vs. Non: +++P< 0.001. Test for RAGE vs. DM: **P<0.01, ***P< 0.001. 



phospholipids. As shown in Fig. 2A, resveratrol-amplified grape 
skin extracts reduced lipid accumulation, as indicated by 
decreased Oil Red-0 staining. Adipocytes treated with the 50% 
and 80% ethanol extracts showed reduced lipid droplet size 
compared with that in differentiated media cells. When differen- 
tiation of 3T3-L1 adipocytes was inhibited with the extracts, the 
size of the lipid droplets was smaller. Triglyceride content in 
3T3-L1 adipocytes decreased in response to the 50%) ethanol 
extracts at 400 jug/ml (P<0.01) and decreased significantly in 
80% ethanol extract-treated cells at 200 and 400 |Lig/ml {P< 
0.001, Fig. 2B). Adipocyte differentiation was inhibited more 
effectively when the cells were treated with the 80%) ethanol 
extract. 

GPDH activity was measured to determine the effect of 
resveratrol-amplified grape skin extracts on differentiation of 
3T3-L1 preadipocytes into adipocytes. As shown in Fig. 3, the 
80% ethanol extract at 200 (P<0.01) and 400 lug/ml (P< 0.001) 
decreased GPDH activity dose-dependently by 71.1 ± 5.3%) and 
58.4 ±4.3%), respectively. In contrast, the 50%) ethanol extract 
showed no significant effect on GPDH activity. 




50% 



80% 



Fig. 3. Effect of resveratrol-amplified grape skin extracts on glycerol-3- 
phosphate dehydrogenase (GPDH) activity during 3T3-L1 adipocyte differen- 
tiation. Confluent 3T3-L1 preadipocytes were differentiated into adipocytes in 
medium with or without different concentrations of resveratrol-amplified grape skin 
extracts (RAGE) for 8 days. Non, undifferentiated cells; DM, differentiated media 
cells. Values are mean + SD (n = 3). Test for DM vs. Non: P< 0.001 . Test for 
RAGE vs. DM: **P<0.01, ***P< 0.001. 
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Fig. 4. Effect of resveratrol-amplified grape skin extracts on PPARy and C/EBPa gene expression. Confluent 3T3-L1 preadipocytes were differentiated into adipocytes 
in medium with or without different concentrations of resveratrol-amplified grape skin extracts (RAGE) for 8 days. Non, undifferentiated cells; DM, differentiated media 
cells. Values are mean + SD (n = 3). Test for DM vs. Non: ^++P< 0.001. Test for RAGE vs. DM: **P<0.01, ***P< 0.001. 
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Fig. 5. Effect of resveratrol-amplified grape skin extracts on PPARy and C/EBPa protein expression. Confluent 3T3-L1 preadipocytes were differentiated into adipocytes 
in medium with or without different concentrations of resveratrol-amplified grape skin extracts (RAGE) for 8 days. Non, undifferentiated cells; DM, differentiated media cells. 
Values are mean + SD (n = 3). Test for DM vs. Non: ^^^P< 0.001. Test for RAGE vs. DM: **P<0.01, ***P< 0.001. 
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Fig. 6. Effect of resveratrol-amplified grape skin extracts on adipogenesis gene expression. Effects of the resveratrol-amplified grape skin extracts on adipogenic gene 
(SREBPIc, FAS, aP2, SGD-1, and LPL) expression during 3T3-L1 cell differentiation for 8 days. The results represent three independent experiments; actin was used as 
the internal control. Values are mean + SD (n = 3). Test for DM vs. Non: + V< 0.01 , P< 0.001 . Test for RAGE vs. DM: * P< 0.05, P< 0.01 , *** P< 0.001 . DM, differentiated 
media cells; SREBPIc, adipocyte determination and differentiation dependent factor 1; aP2, adipocyte fatty acid binding protein; FAS, fatty acid synthetase; SCD-1, 
stearyl-CoA-desaturase-1 ; LPL, lipoprotein lipase. 
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Effect of resveratrol-amplified grape skin extracts on the 
expression of adipocyte specific genes 

RT-PCR and Western blotting analysis were performed to 
examine the effect of the extracts on the expression of 
transcriptional factors (Figs. 4 and 5). The extracts decreased 
PPARy and C/EBPa mRNA expression. The expression of the 
PPARy and C/EBPa genes following treatment with the extracts 
was significantly lower compared with that of differentiated 
control adipocytes (P<0.01, P< 0.001, respectively). Treatment 
with the extracts inhibited PPARy and C/EBPa protein egression 
in a dose-dependent manner (P<0.01, P<0.001, respectively). 

Gene expression of SREBPlc, FAS, aP2, FAS, SCD-1, and 
LPL were analyzed using RT-PCR to determine the effect of 
the extracts on expression of the C/EBPa and PPARy target 
genes (Fig. 6). SREBPlc, FAS, aP2, FAS, and SCD-1 gene 
expression was dose-dependently and significantly downregulated 
by the grape skin extract treatment. Although LPL expression 
was significantly blocked by the 80% ethanol extract (P< 0.01), 
the 50% ethanol extract did not inhibit LPL expression. 

Discussion 

Obesity is a risk factor for metaboHc diseases such as diabetes, 
hypertension, and cardiovascular disease. Although many studies 
have investigated the causes and prevention of obesity, the 
prevalence of obesity has increased greatly during the past few 
decades [19]. As adipocytes are the main site for lipid homeos- 
tasis, it is useful to conduct studies on obesity-related disorders 
[20]. The 3T3-L1 cell line is widely used to investigate adipocyte 
differentiation. In the present study, we focused on the antiobesity 
effects of resveratrol-amplified grape skin extracts for inhibiting 
adipogenesis in 3T3-L1 adipocytes. 

Resveratrol, a polyphenol found mainly in red grape, has 
various physiological fianction including antioxidant, antimutagenic, 
and immune activity [2,5,7]. Resveratrol has also anticancer and 
antiobesity effects, although the precise mechanism has not yet 
been established [21]. The aim of the present study was to 
investigate the effect of resveratrol-amplified grape skin extracts 
on the antiobesity and to determine the dose-dependent response 
and extraction condition for its application in food industry. 

Grape skin was treated resveratrol-amplification process by 
UV-irradiation in this study. In the previous study [22], resveratrol 
content of grape skin increased 7.2 times by UV irradiation. 
Therefore, resveratrol-amplification process by UV irradiation 
was shown to increase resveratrol content of grape skin. 

In this study, we found that resveratrol-amplified grape skin 
extracts suppressed triglyceride accumulation by inhibiting 
GPDH and decreasing fat droplets during 3T3-L1 adipocyte 
differentiation. GPDH is a key enzyme of fatty acid and 
triacylglycerol synthesis in adipocytes, which increases during 
differentiation of preadipocytes into adipocytes [23]. Park et al 



[24] indicated that GPDH activity in primary human adipocytes 
decreases 31.1%) following 12.5 |liM resveratrol treatment. These 
results suggest that the effect on reducing triglyceride content 
by the 80%) resveratrol-amplified grape skin extract treatment was 
partly due to decreased GPDH activity. 

Lipid accumulation and GPDH activity were lower in 80% 
ethanol extracts of resveratrol-amplified grape skin than in 50% 
ethanol extracts. Although the difference of resveratrol content 
between 50% and 80% ethanol extracts was about 20%, it 
resulted in a significant antiobesity effect in 80%) ethanol extracts. 
Rayalam et al [25] reported that lipid accumulation significantly 
decreased in resveratrol treatment at 25 and 50 |liM by 43% and 
94.3%), respectively. However, further studies are needed to 
investigate whether another physiological components of grape 
skin may exert additional beneficial effects in 3T3-L1 adipocytes. 

The antiobesity mechanism works by inhibiting fat accumula- 
tion and fatty acid synthesis and by activating fatty acid 
oxidation. PPARy, a lipid-activated transcription factor, is present 
in adipose tissue and regulates genes involved in lipid metabolism 
including FAS and aP2 [26]. Because PPARy is activated by 
fatty acids, fat accumulation is associated with PPARy activation 
[27,28]. Thus, modulation of PPARy activity may be an effective 
way to regulate obesity. In our study, resveratrol-ampHfied grape 
skin extracts significantly suppressed PPARy mRNA and protein 
expression. Additionally, the expression of C/EBPa, a key regulator 
of lipogenesis, decreased markedly following extract treatments 
compared with that in differentiated control cells. PPARy and 
C/EBPa play an important role in adipocyte differentiation, 
because they are transcriptional activators for adipoc3^e genes 
including aP2, lipoprotein lipase, and SCD-1 [29]. PPARy and 
C/EBPa cooperate to regulate adipocyte differentiation, because 
there is a positive feedback loop between PPARy and C/EBPa 
[30]. 

Yang et al [31] demonstrated that a combination of resveratrol 
and quercetin down-regulates PPARy and C/EBPa and induces 
apoptosis, resulting in attenuated fat accumulation. Floyd et al 
[32] showed that resveratrol treatment modulates insulin sensitivity 
by suppressing PPARy gene and protein expression in 3T3-L1 
adipocytes. The inhibition of PPARy expression by resveratrol 
treatment leads to improved insulin sensitivity, which may be 
associated with decreased lipid accumulation and increased lipid 
oxidation [33,34]. Consistent with these results, the present study 
demonstrated that resveratrol-anplified grape skin extract treatment 
may inhibit adipocyte differentiation and modulate insulin sensitivity 
by suppressing PPARy and C/EBPa transcriptional activity in 
3T3-L1 adipocytes. 

As a result of decreased PPARy and C/EBPa gene expression, 
SREBP-lc also decreased significantly in resveratrol-amplified 
grape skin extract treated cells. Expression of the PPARy and 
C/EBPa genes is associated with SREBPlc expression, which 
may influence lipogenesis [35,36]. SREBPlc, which is mainly 
expressed in adipose and liver tissues, is not only involved in 
fatty acid synthesis but also implicated in adipose tissue differ- 
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entiation [37,38]. In the present study, inhibited SREBPlc mRNA 
expression was observed in resveratrol-treated cells conpared with 
that in the control group. This result may explain the mechanism 
by which resveratrol suppresses fatty acid synthesis and adipocyte 
differentiation, and, thus, inhibits lipid accumulation. 

We observed that resveratrol-ampHfied grape skin extracts also 
reduced FAS, aP2, and SCD-1 expression, which is associated 
with lipid metabolism. Activation of PPARy, C/EBPa, and 
SREBP-lc induces upstream regulation of adipogenesis genes 
such as aP2, FAS, LPL, and SCD-1 [39-41]. aP2 is a marker 
of the late stage of differentiation in adipoc3^es and is involved 
in the control of lipid availability [42]. Additionally, aP2 may 
prevent atherosclerosis and metabolic syndrome by modulating 
insuhn sensitivity and the immune response [43]. FAS and LPL 
play an important role regulating fatty acid metabolism. FAS, 
a terminal marker of adipocyte differentiation, is activated by 
PPAR and SREBPlc [44]. Because the level of LPL is related 
with triglyceride concentration in adipose tissues, upregulation 
of LPL activity is closely associated with obesity [45]. SCD-1 
is an important regulator of leptin activity and is the rate limiting 
enzyme in monounsaturated fatty acid biosynthesis [46]. Cohen 
et al [47] demonstrated that reduced SCD-1 activity may help 
prevent obesity by suppressing fatty acid biosynthesis and 
activating fatty acid oxidation. Li this study, resveratrol-amplified 
grape skin extract treatment led to dose-dependent down-regulation 
of aP2, FAS, LPL, and SCD-1. Expression of adipogenesis gene 
in 80% ethanol extracts of resveratrol-amplified grape skin was 
down-regulated compared with that in 50% ethanol extracts. It 
may be related to increased resveratrol content in 80% ethanol 
extracts of resveratrol-amplified grape skin. Natural grape skin 
treatment to 3T3-L1 cells resulted in decrease in the adipogenic 
transcription factor gene and protein expression [48]. However, 
as the resveratrol content of grape skin is different according 
to strain, maturity of grape and sample preparation condition it 
is not understandable to compare the antiobesity effect quanti- 
tatively with the result of our study. Resveratrol increased by 
UV irradiation in the present study might enhance the antiobesity 
effect, since resveratrol decreased lipid accumulation in dose- 
dependent manner [25]. These results demonstrate that down- 
regulating aP2, FAS, LPL, and SCD-1 by resveratrol-amplified 
grape skin extract treatment might reduce fatty acid synthesis 
and adipocyte differentiation, resulting in the inhibition of lipid 
accumulation by suppressing adipogenesis. 

In conclusion, resveratrol-anphfied grape skin extracts inhibited 
adipocyte differentiation by downregulating PPARy and C/EBPa 
gene and protein expression in 3T3-L1 cells. Reduced PPARy 
and C/EBPa gene expression may have contributed to the low 
expression of adipogenesis genes that regulate lipid synthesis and 
accumulation. The present results suggest that resveratrol- 
amplified grape skin extract exerts a beneficial effect on lipid 
metabolism to prevent obesity by attenuating adipogenic differ- 
entiation. 
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